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Abstract -- Synthesis of (-)-sirenin la, sperm attracting hormone of Allomyces macro-
gynus was achieved through 10 steps from (-)-perillaldehyde 3, Formation of cyclo~
propane ring was executed diastereomselectively by the gyclization via antramolecular
epoxide opening under carefully controlled condition.

Introduction

Sirenin 1a is a powerful sperm attractant produced by the female gamates of the water
mold Allomyces macrogynus and active at concentration of 10=10 y 1) Machlis, Rapoport and
co-workers described the isolation and characterization of sirenin 1a and its 4-(4-nitro-
phenylazo)benzoate (NABS)Z) and then the structural elucidation.” The absolute configu-
ration was rigorously assigned by the synthesis of both the enantiomers of 1a via optical
resolution and CD spectral studies of the intermediate.?¢) As 1a has extremely inter-
esting biological activity, many efforts have been devoted to its synthesis.k") Most of
them, however, were the synthesis of (:z)-la except for one by Rapoport et a1.3c)

CHO
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In connection with our continuing project on the chiral syntheses of microbial bio-
regulators, such as hormones, sporogenic substances, etc.s), we became interested in syn-
thesizing the natural enantiomer of sirenin (-)}-1a with extremely high optical purity. We
wish to describe here the synthesis of (-)-1a starting from (-)-perillaldehyde 3 via the
cyclopropylcarbinol 2a. Although Hortmann and Ong reported the preparation of 2a from
3,6) there was some ambiquity about the optical purity of 2a and they did not succeeded in
converting 2a into sirenin ta. We investigated carefully on this sequence, and obtained
several new findings which could lead to extra pure (-)-sirenin.

1’Synt.hot..m Microbial Chem:istry Part 19. Part 18: see T. Kitahara, H Rurata and K. Mori, Tetrahedron in [ress.
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Preparation of diastereo- and enantiomerically pure cyclopropylcarbinol 2a

Commercially available (-)-perillaldehyde 3 was oxidized with Na(.‘1027) to give (-}-
perillic acid 4 as a crystalline mass in nearly quantitative yield. Hortmann used aq-
ethanol for recrystallization of 4. We examined recrystallization from various solvent
syatems. Among them, n-hexane was the best choice to increase the optical purity of 4.
Our sample showed higher specific rotation, {x]p -104.0° (c=4.0, EtOH) than the reported
value“, lalp -97.7° (EtOH). Pure 4 was transformed to a diastereomeric mixture of
epoxides 6a,b in 85.2% yield in almost the same manner as reported.s' The ratio of 6a and
6b was rigorously determined by HPLC as 1:1 (Lit.s’ 3:2). Treatment of 6a,b with prenyl-
magnesium chloride in the presence of cur8®) at -30~-40°C Adid not give the epoxide-opening
product but only undesired adduct 7 derived by 1,2-addition of Grignard reagent to ester
carbonyl. So, we abandoned the introduction of side chain to 6a,b and turned to prepare
cyclopropane ring earlier.

X OgMe ), H OgMe
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'I’_LO X = COxH
b X= CO-NH
11c X = CO-NH
"~

Fig.2

Base catalyzed cyclization with internal epoxide opening was carefully investigated.
Using LiN(TMS)2 as base, reaction proceeded at room temperature to give a mixture of the
desired cyclopropylcarbinol 2a and 9a (small amount) and rearranged allylic alcohol 8
(25%). while, treatment of 6a,b with NaH in refluxing DME gave various ratios of a mixture
of 2a and 9a by changing reaction period as shown in Table I.

Contrary to Hortmann's result,b) diastereoselective cyclopropanation became possible
by controlling reaction period. The desired alcohol 2a with more than 96% purity was
obtained 1n 53% yield based on the unrecovered 6a,b (45% efficiency) under optimized
condition. Stereochemistry of the products was determined by comparing the TH NMR data of
2a and 9a with those of { and ii 1n Rapoport's synthesls.“ Thus, singlet methyl signals
at § 0.92 (major) and 1,10 (minor) were assigned to endo-methyl of 2a and exo-methyl of 9a
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respectively. Twice recrystallization of the corresponding 3,5-dinitrobenzoate 2b from n-
hexane-ethyl acetate, ether-ethyl acetate ant subsequent methanolysis gave 100% diastereo-
merically pure 2a in 41% recovery yield from 97% pure 2a. Specific rotation of 2a, faln
+88.0° (CHCl,), was almost SO% higher than reported,®! {a]p +60.4° CHC1;). The cyclo-
propylcarbincl 2a was converted to the acid 11a via the aldehyde 10 by PCC-MS 3A oxida-
tion?) and successive NaCl0, oxidation’) to make an analytical sample. The acid 11a was
transformed into {R}- and (S)-1-naphthylethylamide, 1tb and 11c. HPLC analysis showed
that 11a (=2a and 10) was practically 96% e.e, With optically pure 2a and 10 in hand, we
proceeded to introduce the side chain.

Table I
Entry Reaction Ratio of Ratio of vield (8)2
period {(min) recovered
2a/9aP’ 6a/6b
a 165 90/10 50/50 46 (59)
b 150 97/3 40/60 45 (53)
c 140 96.2/3.8 37/63 -
d 110 96.4/3.6 40/60 30 (58)

3vield in parentheses: based on the unrecovered epoxide 6
Bmonitored by HPLC

Attempt to one-step extension of the side chaih

Horner-Wittig type reaction of 10 with the anion of diethyl (E)-3-methoxycarbonyl-2-
butenylphosphonate 12b gave acid-sensitive triene-ester 13 in 58% yield. (Preparation of
12b from pyruvic acid via pure methyl (E)-4-bromo+2-methyl-2-butencate 12a is described in

Fig.3 NO2
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detail in experimental section). Many attempts for the regioselective reduction to afford
the diene 14 were examined including catalytic hydrogenation over Pd-C, Pd-BasO,, Pd-
Cac0;, PtO,, Rh-Al,0; and (Ph3P);RWCL and diimide reduction.'®) Most of them gave decom-
posed products by reductive or prototropic cleavage of cyclopropane ring. Reduction with
Pd-BaSO, gave better result and 14 was obtained as the major product. Reduction of crude
14 with LiAlH,, however, gave the mixture composed of several products containing sirenin
1a. HPLC analysis of the corresponding bis-3,5-dinitrobenzoate 1b clarified that the
product contained at least 5 components and was difficult to be purified. Thus, our
alternative choice was stepwise introduction of the side chain.

Stepwise extension of the side chain and the synthesis of (-)-sirenin

The Witti1g reaction of 10 with the phosphorane A prepared from 2-hydroxyethyltri -
phenylphosphonium bromide 1571} with 2 eq. of n-BuLi gave the desired (E)-allyl alcohol 16
and substantial amount of the isomer 17, because initially formed betain B could cyclize
either way to give two oxaphosphetanes, C and D, decomposing to give 16 and 17
respectively. 1In order to prevent this side reaction, OH group of 15 should be protected
or remain intact during the formation of phosphorane. Fortunately, we succeeded in
preparing 2-hydroxyethylidenetriphenylphosphorane F in situ from 15 using 1 eq. of n-Buli
in cold DME under salt-free condition.'!! Possible mechanism is: Initially formed lithium
alkoxide B deprotonated from the carbon adjacent to phosphorus atom internally to give F

(PhaP"\/OHlBF Lq:o [Ph3PM )
15 n-Bul A
R(}H-? )
leq. lRCHO _ 16
n-Buli (|:H F:Ph3 ~
RCH—O" a CH)O™
(PhyPCH,CHOLT BF CH-FPhy <
E CHyO™ b\ (REHO™ )
8 CHPPhy | — LY
CH20 !
D
R(fH—O-
RCHO

cIH-F?Phg — 16

Fig.4
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with the precipitation of LiBr out of DME solution. Addition of aldehyde yields betaine G
which cyclized to give single oxaphosphetane affording only 16. The Wittig reaction of 8
with this phosporane F gave 16 in 65% yield with small amount of 2a probably yielded by
disproportionation. As expected, none of the isomer 17 was detected in the products.
Hydrogenation of 16 over PtO, was followed by PCC-MS 3A oxidation?! to give the aldehyde
19 (52%). Horner-Wittig reaction of 19 with the anion of methyl 2-diethylphosphono-
propancate gave the (E)-diene diester 14 in 78% yield along with easily separable minor
{Z)-isomer {10%). Reduction of 14 with LiAlH, gave a mixture of ta and its dihydro-
derivative 20, Using DIBAL-H suppress the contamination of 20 to give almost pure 1la,
Crude sirenin la was converted to bis-3,5-dinitrobenzoate 1b and recrystallized from
isopropyl ether-DME {5:1) to give 100% analytically pure {(-)-1b, m.p. 94.5-96°C, in 71%
recovery yield from la. Mild alkaline hydrolysis quantitatively yielded (-)-sirenin 1a,
[alp -44.6° (c=1.0, CHCly), whose spectral data were completely superimposable with those
reported.”

In conclusion, the synthesis of optically pure {(-)-sirenin was accomplished through
10 steps starting from {-)-perillaldehyde via diastereoselective cyclopropanation under
controlled reaction condition.

EXPERIMENTAL

All bps and mps were uncorrectsd., IR spectra were measured as films for cils or as KBr discs for solids on a Jaxo
IRA~102 spectrometer. 1Hm:pactra were recordad with TS as an internal standard at 60 Mz on a Hitachi R-24A
spectrometer or at 100 MHz on a JEXU ONM PX-100 spectrometer o at 400 Miz on a JEOL JNM GX-400 spectrometer. 3 am
spectra were measured with TMS as an intemal standard as CIXC1y soln at 25 MHz on a Jeol JNR FX-100 spectrometer or at 100
MAz on a JPOL JNM GX-400 spectrometer, Optical rotations were measured on a Jasco DIP i40 polarimeter. Mase spectra were
recorded on a JEOL DX-303 spectrometer or 2 Hitachi RMU-6M spectrometer at 70 eV. Merck Xieselgel 60 (particle size 0063~
0,200 =mm) was used for 8i0, column chromatography. HPFIC analyses were performed cn Nuclecsil 50-5 (25 cm x 46 mm) as &
column by the detection at 254 nm unless otherwise stated.

(8)-(-)-4-(2-Isopropenyl)-1-cyclohexenecarboxylic acid [(S)-perillic acid] 4. A soln of NeClO; (330 g, 164 mol) and
NaHoFO, (470 g) in water (1300 ml) was added dropwime to a mixture of perillaldehyde (150 g, 1.00 mol), 2-methyl-2-butene
{525 ml) and tert-BuOR {1000 ml) with ice-cooling. The mixture was stirred for 2 h at room temp and the organic layer was
separated. The &) layer was extracted with ether, The combined organic soln was washed with water and Iwine, dried
{4gS04) and ooncentrated in vacuo to give crude 4. This was recrystallized twice from n-hexsne to give 812 g (48.9) of
4, mp, 130-131°C (1it.% m.p, 130-132°C)s [a}p-104° (c=4.00, EtoH) <1it.® [algyg -97.7% (c=q, BrOH)>. Its IR and NMR
spectra were identical with those reported ;revimsly.a

Methyl (S)-(-)-4-(2-isopropenyl)-1-cyclohexenecarboxylate [methyl (5)-perillate] 5. The acid 4 (342 g, 021 mol) was
methylated with diazomethane in ether to give 355 g (96%) of 5, by B6°C/042 Torr (1it. hp 81°C/028 Torrh nfdS
14855 [alf® -100° (c=0.97, Et0H), Its IR and NMR spectra were idantical with those reported previcusly.S

Methyl (48,1"8)>-4-{1%,2'-epoxypropyl}-1-cycliah rboxylate Sa+bb, According to the reported p’oouhrm,s ester 5 {355
g 020 mol) was epoxidized with MCPBA in GH.Cl, to give a crude epoxide. This was purified by Si0, chrosatography (250 q.
n-hexane-BLOAC (3:1)] to give 219 g (B58) of epoxide, mp 37-39°C, This was revesled to be & 1:1 mixture of Ga and 6 by
HPIC analysis. HPLC [n-hexane-THF (20:1), 1.0 ml/min} Rt 17.0 min (6a, 50.18), 17.5 min (6b, 49,9M). IR and NMR spectra
of this mixture were identical with thoee reported previowly.s

Methyl (18,68,7R)-(+)-7T-hydrosxymethyl -T-methylbicyclo{ 4.1.0 hept-2-ena-3-carhoxylate 2a and its (78)-isomer Sa. To & sug-
pension of NaH (608 in mineral oil, 61 g, 015 mol) in DME (50 ml) was added dropwise a soln of 2a+9a (15 g, 77 mmol) in
DME (50 m1) under Ar. The mixture was stirred and heated under reflux for 150 min. After cooling, excess NaR was
destroyed with MeCH and the mixture was poured into ice-water. This was adjusted to pH 6 with ACOH and extracted with
ether. The extract was washed with sat NaHOO; soln and brine, dried {Mg90,) and concentratad in vacuc, The residue was
purified by Si0, chromatography [200 g, n-hexane-EZtORc (4:1-2:3})] to give recoversd epoxide (18 g) and 60 g (458, 53
based on the congumed epoxide) of the product., This was vevealed to be a 97:1 mixture of 2a and Sa by HPIC analysis. HPLC
{n-hexane-THF (S:1}, 1.0 mi/min} Rt 262 min (2a, 978), 216 min (9a, 3.08), Recovered epoxide was a 4:6 mixture of 6a and
6b by HFIC analysis as described above,

The mixture of 2a+9a (97:3, 386 g, 19.7 mmol) was corverted to the corresponding 3,5-dinitrobenzostes acxording to
the reported ptoc.thma.s The product was recrystallized from n-b PYOAC—D {30:9:2) ard further from other-EtORe
(15:1) to give 3.13 g (41%) of pure 2b, m.p. 96-97°C (11t.6 m.p. 96-98°C); (a]g® +7.4* (c=9.7, CHC13) <11t.8 [a)p +6.0°
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{c»9,7, 13> Its IR and NMR spectra were identical with those reported ;:lrevicsusly.6 BPLC {n-hexane-THF (10:1), 10
ml/min] crude 2b+9b: Rt 183 min (2, 9898), 143 min (9, L1V); purified 2b: Rt 183 min (1008),

The purified 3,5-dinitrobenzoste > {362 g, 928 mwol) was dissclved in a mixture of MeCH (30 »l) and QI'.‘I3 {30 =l).
To this was added solid X003 (LS50 g) and the mixture was stirred for 5 h at room temp  The mixture was filtersd and the
filtrate was oconcentratad in vacuo. The residue was purified by Si0, chromatography (100 g, n-hexane-ExOAc (7:3-2:3)] to
give 173 g (95%) of 2a, nf? 1.5266; («]§2 +88.0° (c=8.86, CHC13) <1it.6 [aly +60.4° (c=8.5, CHC13)>. Its IR and NNR
spectra were identical with those reported ;x-eviou-ly.ﬁ

Methyl (18,68,7R)-(~)-7-formyl-7-methyibicyclo[4.1.0}hept-2-ape-3~carboxylate 10, To a suspension of PCOC {13 g, 153
mmol) and MS 3A {2 @) in 6{2(!13 (40 w1} was akded dropwise o soln of 2a (1.73 g, 892 mmol) in CHyCl, {10 ml) with ice-
cooling. The mixture was stirred for 1 h 20 min at room temp, After diluting with ether and adding Plorisil, the mixture
was stirred for 15 min and filtared through Plorisil. The filtrate was concentrated in vacuc to give a crude product (110
g). This was purified by $i0; chromatography (50 g, n-hexane-BtOAc (9:1-7:3)] to give Q95 g (80%) of 10, n85 1.5248;
[a]gs ~17.0" (c=1.29, MeOH); vmax (film) 3020 (w), 297% (m), 2870 (w), 2750 (m), 1710 (a), 1640 (s8), 1440 (s), 1380 (w),
1360 (W), 1315 (w), 1275 (%), 1240 (=), 1180 (m), 1120 (m), 110D (m), 12060 (m), 1030 (w), 1000 {(m), 975 (w), 950 (m}), 910
(m), 840 (m}, 8OO (w), 760 (m}, 740 {(m) cn"'; 8 (100 MHz, CDClj3) 1.17 (3H, s}, 1.BO-2,65 (6H, m), 3.78 (34, 8}, 7,08 (1%,
br.d, J=5.2 ), 8.30 (1H, s). (Pound: C, 68.06; H, 7.20, Calc for Cy;M;,403: C, 68.02) H, 7,27V,

A small portion of 10 was converted to the corresponding carboxylic acid 1la by using NaClO; {eee the preparation of
5} The crude product was treated with (R)-naphthylethylamine and DOC in QHyCly. The product wes isolated in a usual
work-up procedure and followed by prepsvative TLC to give an amide 11b  In the same manner, amide llc was prepared from
the carboxylic acid lla and (§)-naphthylethylamine. HPIC [n-hexane-THF (10:1), 10 ml/min] 11lb: Rt 493 min (98%), #.8
min {2%); 1lc: Rt 498 min (2%), 44.7 min (96%), Therefore the optical purity of 10 was determined to be 964 e

Diethyl (E}-3-methoxycarbonyl-2-tutenylphosphonate 12h, A soluticn of vinylmagnesium bromide was prepared from Mg (14 g,
0O57 g atom) and a soln of vinyl bromide in THF (25 N, 230 ml, Q.57 mol), To a solution of pyruvic acid (25 g, Q28 mol)
in THF (250 ml) was added dropwise the Grignard reagent as abowve between -10°C and -5°C under Ar. The reaction temp was
gradually raised to 20°C and the mixture was slightly acidified with 6 N HCL. The organic layer was separated, and the ag
layer was saturated with NaCl and extracted with ether, The combined organic soln was washed twice with brine, dried
(Mg90,) and concentratsd in vacuo below 20°C, This was treated with diazomethane in ether to give the corresporciing methyl
ester. This was purified by Si0; chromatograghy [100 g, n-hexane-ether {65:35)1. This hydroxy ester was stirred with Py
{0 g, Q9 mol) and pyridine (7 g, 88 mmol) in ether (100 ml) with jce~cooling. The mixture was poured into water and
extracted with ether. The ether soln was drisd (MgH0,) and oconcentratad in vacuo. The residue was purified by SiO
chromatography (200 g, n-hexane-ether (7:3)] to give crude bromide 12a, wveax X005 (m), 2960 (m), 1715 (s}, 1640 (m), 1440
(s), 1390 (m), 1350 (m), 1270 (8), 1195 (8), 1160 (s), 1100 (s), 1080 (m), 1010 (m), 940 (m), 900 (w), B1O (m), 750 (s)
em™Yy & (60 Nuz, CCly) 1.91 (34, 4, J=2.0 Hz), 3,71 {3H, 8), 1.97 (24, d, J=8.0 Hz), 6.88 (14, qt, J=2,0 Hz and 8.0 Hz),

A soin of 12a in triethyl phosphite (50 ml) was stirred and heated at 120°C for 2 h. Excess triethyl phosphite was
removed at 20 Torr. The residue was distilled to give 24.7 g {35% from pyruvic acid) of 12b, b.p. 111°C/1 Torry ﬂsx
1.4516; wmax 2800 (m), 1790 (m), 1750 {m}), 1720 {(s), 1635 {(m), 1440 Gm), 1390 {w}, 1370 {(w}, 13%0 (w}, 1260 (=}, 1220 (s},
1200 (m}), 1165 {m}, 1100 {s), 10%0 {8), 1030 (s), 95 {8), 860 (w}, 820 {m), 780 {w), 750 (=), 710 (w} cm™Y; 6 (60 NHz,
CCl,) 1.31 (6H, t, J=8,0 H2), 1.82 (34, 44, J=1.% Hz and 5.0 Hz), 2.61 (2H, q, J=B,0 Hz), 3,70 (34, 8), 4.01 (4H, m), 6.62
{1H, dtq, J=8.0 Hz, 8,0 Hz and 1.5 Hz).

Methyl (185,68,75, 1'E, 3'B}-7-{4'~ methoxycarbonyl-1% 3*-pentadienyl)-1-methylbicyclo{ 4. L0 Thegt -2 ~ene~3-carboxylate 13. 7o a
suspension of NaH (60N in mineral oil, 376 mg, 94 mmol) in THF (15 ml) was added & #cln of 12b (23 g, 94 mmol) in THP (5
ml) with ice-coaling under Ar. The mixtura was further stirred for 2 b with ice-cooling. In ancther flask, s scln of 10
(733 mg, 18 mmol) in THF (5 ml) was cooled to -14°C under Ar. To this was added the Wittig reagent as above and the
maxture was stirred st -15°C for L5 h. The resction was quenched with water and the mixture was extracted with ether.
The ether soin was washad with brine, dried (MgBOg) and concentrated in vacuo, The residue was purified by alumina
chromaograghy [Woelm neutral alumina, containing 5% water; 136 g, n-hexane-EtOAc (95.5-85:15)) to give 500 mg of 13, %0
®g of degraded profuct and 150 mg of the mixture of products. 13: vmax 2960 (m), 1710 (s), 1630 (s), 1440 (s), 1380 (m}
1360 (m), 1270 (s}, 1230 {a}, 1190 {w), 1090 (s}, 1030 (s}, 370 (@), 940 {(w), 900 {(w}, 730 {8} cm'lz & {100 MHz, CDC13)
1.20 (3K, 8), 1.96 (3H, 4, J=1.% Hz), 1,42-2,61 (64, m), 1.76 (3H, 8), 5.73 (1H, 4, J=15,0 Hz), 6,30 (1H, dd, J=100 Hz and
150 Hz), 714 (IH, d, J*5.0 Hz), 16 {IH, &, J=1.5 Hz and 100 Hz). This was employed in the next step without further
puritication.

Transformation of 13 to 14 (Ganeral prooedurs). Catalyst and solvent was put into reaction flask and the atmosphere was
purged with Ho, After the substrate 13 was introduced with gentle stirring, the mixture was vigorously stirred. In the
case of Wilkinson's catalyst, the reaction mixture was stirred with Plorisil and filtered through Flarisil for prodhxct
isolation, By using cther catalysts, the resction mixture was directly filtered through Celite for product {solation. In
each caee, mwid&ammﬂa&oﬂgmmﬁwﬂncmﬂe;ra&ntunmﬁwl&

2-Hydroxyethyltriphenylphosphonium bromide 15. To a soln of triphenylphosphine (252 g, 9% amol) in benzene (200 ml) was
added 2-bromoethanol (10 g, 80 mmol) and the mixture was stirred and heated to reflux overmight., After oooling, the
mixture was filtared. The crystals on the filter was washed! with benzene to give )04 ¢ (B6M) of 15 This was dried in
vacuo at 110°C for 19 h for further use.

Methyl (18,68,75,1%E}-(=)-7{3*-hydroxy-1'-propenyl)-7-methylbicyclof 4.1.01hept - 2-ene-3-carboxylate 16 To & soln of phos~
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phonium bromide 15 (2.5 g, 194 mmol) in DME (50 ml) was added dropwise n-Buli in pn-hexane (16 N, 95 ml, 152 mmol) at
-10°C under Ar. The mixture was stirred at -10°C for 30 min arxd left to stand for 30 min to precipitate inorganic salt.
In another flask, a soln of 10 (7135 mg, 368 mmol) in DME (10 ml) was cooled to ~10°C under Ar, T this was added the
supsmatant of Wittig reagent as above (ca. 50 ml) and the reaction temp was graduaily raisst to room temp The resction
was Quenched with water, axl the mixturs was extracted with sther. The ether soln was washed with brine, dried {(MgSO,) anx!
concentrated 1n vacuo, The residus was purified by 510, chromatography {50 g, n-hexane-RtQdc (3:1-2:3)] to qive 5304 mg
(65%) of 16, nf” 1.5463; Ialge -123° (c=1,16, MaCH); vmax 3400 {s), 3000 {w), 29% (m), 2860 {w), 1710 (a), 1660 (w), 1640
(s}, 1440 (8), 1385 (w), 1275 (8), 1240 (8), 1120 (w), 1090 {m), 1050 (m), 1020 (w), 990 (m), 970 (m), 905 (w), 935 (w),
745 (m) cm']; 4 (100 e, CDC13) LOS (3H, s), L10-258 (6H, m), 375 (3H, =), 413 (X, br.t, J=50 Hz, DO exchangeable,
d, J=6.0 Hz), 5.37 (1H, 4, J*16,0 Hz}, S.60 (1H, dt, J=12,0 Hz and 6.0 Hz), 7.16 (1H, dd, J=5.0 Mz and 2.0 Hz). HRMS m/z
Found:222.1286, Calc for Cy3thaly: 222.12%,

Methyl (15,65, 7R}-{+}-7-({3'-hydroxypropyl}-7-methylbicyclof 4. L0 Ihept -2-ene~I~<erixaylate 18. A mixture of Pr0; (20 wg)
and EtOAc (7 nl) was vigorously sritted under Hp and oooled to 5°C, To this was added dropwise a soln of 16 (7387 mg,
333 mmol) 1n EXOAC (3 ml) and the mixture was stirred at 5-10°C for 1 h, After the catalyst was filtared off, the
filtrate was concentrsted in vacuo to give 735 mg (98%) of 18, ng> 15072, (-]B‘ +183° (c=LOl, KeOH); wmax 3450 (m),
2950 (@), 2900 (m), 1710 (s), 1640 (m), 1440 (m), 1380 (w), 1270 (s), 1240 (s}, 1210 (w), 1090 (w), 1060 (m), 980 (w), 910
iw), 8B40 (w), 800 (w}, 750 (w) cm'l; & (100 miz, GXZI3) 090 (3H#, ), 0.93-260 (11H, m), 3564 (WM, t, J=60 Hz), 373 {34,
$) .23 (IH, dm, J=60 Hz), HRMS n/z Pound: 224,1380, Calc for C)jHgOy: 2241413

Methyl (15,68, 7R);-(+)-7-(2'~formylethyl)-7-wethylbicyclo[4.1.0lhepx - 2-ene-3—~carboxylate 1% In the similar manner as des-
cribed for the preparation of 10, alochol 18 (503 mg, 2.25 mmol) was oxidized with FOC in Qi,Cly to quve 260.3 og (528) of
19, ng45 150641 [alf5S +41.1° (cel12, MeCH); wmax 3025 (m), 2950 (m}, 2750 (m), 1720 (s}, 1640 (s), 1440 (s), 1410 (s),
1390 (m), 1270 (s), 1240 (s), 1210 (w}, 1190 (w), 1130 (w), 1100 (s}, 1060 (s}, 910 (s}, 84O (w), 8O0 (w}, 750 (m) cm™}; &
(100 MHz, CDC1y) 0.85 (34, =), 1.00-2.67 (108, m), .74 (34, 8), 7,20 (1K, br.d, J=50 Hr}, 9,80 (14, t, J=1.8 Hz), (Pound:
C, 69.76; H, 8.16. Calc for Cy3H;g03: C, 70.24; H, 8.168),

Methyl (18,68, 7R, 3'E)-(+)-7-(4'-ethoxycarbonyl -3'-pentenyl)-7-mathylbicyclof 4.1.0]hept -2-ene-3~carboxylate 14. According
to the reported proc.dtme,‘d aldehyde 19 (213 mg, 0.96 mmol) was converted to the diesters 14 and the corresponding (32)-
isomer. Onude product was purified twice by 510, chromatography (10 g, n-hexane-BrOAc (19:1-17:3)] to give 2275 mg {78V}
of 14 and 327 mg (11%) of the corresponding (3Z)-isomer. 14: nf> 1.5041; [a]f® <455° (c=1.03, NeCH). Its IR and NMR
spectra were identical with those reported previously.®d (Pound: €, 70.18; H, 8.35. Calc for CygHze04: T 70.56; H,
8,558,

(-)-Sireman la. To a soln of 14 (1434 mg, 047 amol) in toluene (4 ml) was added dropwise DIBAL-H 1n toluene (1 M, 15
ml, 1.5 mmol) at -5°C. The reaction temp was raised to 0-2°C, and to the mixture was added DIBAL-H soln (1.0 ml). After
stirring at 0-2°C for 10 min, MeCH (3 ml) was added to the mixture and the resulting mixture was stirred for 40 min, Then
it was filtered through Celite and alumina ant the filtrate was concentrated 1n VACUO o qive a crude product. This was
parified by Si0; preparative HPLC [YNC A-024 silica gel, 10 mm x 300 mm, n-hexane-BtOAc (3:2), 15 ml/mn, detected by
vefractive 1ndex (Shodex SE-51}] Rt 20 min)} to give 70,5 mg of crude (-)-Sirem:n (64%), This was further purified as
follows.

(-)-Sirenin la (37 mg, Q17 mmol) was converted to the corresponding big-3,5~dinitrobenzoate 1b in a usual manner,
This was purified by S10, chromatography (65 g, n-hexane-EtOAc (97:3-17:3)] followed by recrystalilization from ca:isopropy!
ether-DME 1o qive 63 mg {71V} of 1b, mp 94.5-96°C: lalgP -10.5% (c=1.00, OHCI3) vmax (KBr) 3140 (m}, 2950 (m), 1730 (a),
1640 (m), 1550 (), 1460 (m), 1350 (s}, 1290 (s8), 1170 (s}, 1080 {m), 350 (m), 920 (m), 960 {w), 860 (w}, 830 {(w), 780 (w),
740 (s), 730 (s} cr™l; & (100 MHz, CDC1y) 0.94 (34, s}, 0,98-2,36 (1CH, m}, 1,79 (3H, s), 4.85 (4H, br.s), 5.13 (1K, br.t,
J=2.0 Hx), 608 (1H, brd, J=4.0 Hz), 917 (6H, m)., HPLC [n-hexane-THF (10:1), 10 ml/min) Rt 170 min (1008). (Pound: G,
55.70; H, 4.62; N, 8.83. Calc for CygHyg0)gNg: C, 55.77; H, 4,52; N, 8,97v),

To a soln of bis-3,5-dinitrobenzoate 1b (68 mg, 0.1 mmol) in THF (7 ml) and water (2 ml) was added N XOH (1 ml) with
ice-cooling, The mixture was starred for 3 h with ice-ocooling, poured into sat NaHOO; soln and extracted thres times with
ether. The ether soln was washed with brine, dried (cha)‘) and concentrated in vacuo. The residoe was purified by
aluming chromatography [Woelm neutral alumins, containing 2,5% water; S g, Ol (50 ml} tollowed by GHCl3-MeCH (50:1, 50
mD] to qive 253 mg (38%) of la, nf? 1.5210; [alf® -44.6° (c»L07, OKCly) vmax 3325 (s), 3000 (m), 2925 (s), 2850 (s),
1660 (w), 1450 (m), 1380 (m), 1350 (m), 1215 {m), 1160 {m), 1120 (m), 1060 (m), 1000 (s), 905 (w), 965 (m), 825 (m) cm”),
8 (400 MHz, CDCl3) 0.88 (3H, 8), 0.93 (1H, ddd, J=2.5, 7.0, 8,0 Hz), 1,03 (1H, dd, J=5.0, 8.0 Hz), 1.17-1.28 (1H, m), 1.32-
1.44 (2H, m), 1,46 (2H, br.s), 1.67 (3H, s), 1,69-1.92 (2K, m), 2,00-2,07 (1H, m), 2.12 (2H, dt, J=8,0, 16,0 Hz), 4.01 (4H,
d, J=B.0 Hz), 5.40 (14, tqg, J=8,0, 1.8 Hz), 5.84 {18, d, J=5.0 Hz). L3¢ nur (25 MHz, CDC1 3} & 12,68, 13.58, 17.50, 21,66,
21.89, 23.44, 25,14, 28,88, 42,51, 67,55, 68,99, 121.43, 126,35, 134.42, 137,17, HRMS m/z Pound: 236.1748. Calc for
CisHaqOy: 2361777, Found: C, 7586; H, 1000, Calc for CpgHpOp € 7622 H, 10248
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